ABSTRACT. Traditionally, the Drosophila guarani species group has been divided into two subgroups: the guarani and the guaramunu subgroups. Two, out of the four species included in this research, are members of the guarani subgroup (D. ornatifrons Duda, 1927 and D. subbadia Paterson & Mainland, 1943) and two are included in the guaramunu subgroup (D. maculifrons Duda, 1927 and D. griseolineata Duda, 1927). However, some authors have suggested that D. maculifrons and D. griseolineata are much closer to some species of the Drosophila tripunctata group than to some of the species of the guarani group. To add new data to the matter under dispute, Polyacrylamide Gel Eletrophoresis (PAGE-SDS) was used for the analysis and comparison of protein composition and Random Amplified Polymorphic DNA (RAPD) analysis to find differences in genomic DNA, in addition to the analysis of quantitative morphological characters previously described. 
INTRODUCTION
The genus Drosophila is famous for its contribution to genetic research. The evolutionary biology of this genus has, on the same way, been extensively studied, with morphological (THROCKMORTON 1975; GRIMALDI 1990 ) and molecular studies (DESALLE 1992; KWIATOWSKI & AYALA 1999) having decisively contributed to the establishment of the phylogenetic relationships between various species of this genus. Nevertheless, many gaps in our knowledge and disagreements between different workers on specific points occur (O'GRADY & KIDWELL 2002) .
This divergence between authors can be illustrated by the controversy between workers regarding the phylogeny of the Drosophila guarani group. This group is traditionaly placed in the Drosophila quinaria section of THROCKMORTON's (1962) phylogeny but in a branch comprising Drosophila tripunctata, D. cardini, D. calloptera and D. quinaria in MALOGOLOWKIN's (1953) phylogeny, as has been discussed by VAL et al. (1981) . THROCKMORTON (1975) regarded the guarani group as originating from D. tripunctata radiation.
At present the guarani group is made up of a total of 12 species (VILELA & PEREIRA 1985 , 1993 , all very abundant in the Neotropical region (VAL et al. 1981) . Morphological data (THROCKMORTON 1975) point to the division of the guarani group into two subgroups: the guaramunu subgroup, which includes D. guaraja King, 1947 , D. maculifrons Duda, 1927 (= D. guaramunu according to VILELA & BÄCHLI 1990 ) and D. griseolineata Duda, 1927 ; and the guarani subgroup containing D. ornatifrons Duda, 1927 (=D. guarani according to VILELA & BÄCHLI 1990 and D. subbadia Paterson & Mainland, 1943 (VAL et al. 1981 . However, KASTRITSIS (1969) states that D. maculifrons and D. griseolineata are closer to some members of the tripunctata group than to some species of the guarani group and suggests that the guaramunu and the guarani subgroups should be raised to the status of species groups.
Because of this divergence between authors and the absence of molecular data supporting any of these results, we decided to undertake new studies to propose new hypotheses regarding the relationships between the members of the group. Of the 12 Drosophila species included in the guarani group, four were chosen to take part of this research: D. maculifrons, D. griseolineata, D. ornatifrons and D. subbadia. These taxa were investigated for polymorphisms that might allow the elaboration of a phylogeny. Protein composition was studied using Polyacrylamide Gel Electrophoresis (PAGE-SDS) while Random Amplified Polymorphic DNA (RAPD) analysis of total DNA was used to detect genomic differences. Some previously described morphological quantitative characters (VILELA & BÄCHLI 1990) were also included in the analysis. 
MATERIAL AND METHODS

Drosophila
Genomic DNA and proteins extraction
Protein for PAGE-SDS was extracted according to the protocol described by WALKER (1986), about 5 flies being used per 100 ml of buffer because above this PAGE resolution decreased. Genomic DNA for RAPD analysis was prepared from adult flies, according to JOWETT (1986) .
Proteins Analysis with PAGE-SDS
PAGE-SDS is a quick and sensitive method that separates a mixture of proteins according to their size and can be used for analyzing the protein variability between species.
Before separation, protein samples were submitted to stacking in 4% polyacrylamide gel, while a 12% polyacrylamide gel was used for separation. Coomassie stain was used for post-electrophoresis visualization and identification of protein bands.
Genomic DNA Analysis through RAPD RAPD is a variation of the Polymerase Chain Reaction (PCR) and is very useful for detecting anonymous molecular markers dispersed on the genome. It is also very efficient in identifying polymorphisms.
The primers used in this study were decanucleotides constructed by the Nucleic Acid -Protein Service Unit of the University of British Columbia, Vancouver, Canada. They were P64 (5´GAG GGC GGG A3´), P71 (5´GAG GGC GAG G3´), P82 (5´GGG CCC GAC G3´) and P91 (5´GGG TGG TTG C3´). Each amplification was carried out on 25 ml samples, that contained: 2.5 ml of 10X MgCl2 free Reaction Buffer (Gibco/BRL), 2.5 mM MgCl2, 200 nM of each deoxinucleotide, 400 nM of primer, 1.25 units of Taq polymerase (Gibco/BRL) and 100 ng of genomic DNA. Amplification conditions were 45 s at 94 ºC, 45 s at 37 ºC and 1 min at 72 ºC, for 35 cycles. In the first cycle, there was a 5 mins denaturation period and in the last cycle there was a 7 mins elongation period. Amplification products were visualized in 7% polyacrylamide gels stained with silver nitrate.
Morphological Analysis
The continuous morphological characters given by VILELA & BÄCHLI (1990) were used to construct a morphology matrix for each of the species (Table I) .
Data Analysis
PAGE and RAPD analyses resulted in presence-absence data, which allowed manual binary analysis by comparison of the results obtained for the different species. To produce the final phylogenetic results, the data obtained by these comparisons was used to construct a matrix which was analyzed by the Penny program using Wagner's parsimony for PAGE data and by the Dollop program using the Dollo parsimony for RAPD data, both these programs belonging to the PHYLIP (FELSENSTEIN 1995) suite of programs.
Continuous characters were analyzed using the Contrast program, also from the PHYLIP suite of programs.
RESULTS
Analysis of the PAGE-SDS data resulted in the identification of 41 bands, most of which were evident and repetitive on the five replicated gels considered. This allowed calculation of the Jaccard Index (SJ), which estimates the genetic similarity between two species. In Table II it can be seen that the most similar species are D. griseolineata, D. maculifrons and D. ornatifrons, but it was not possible to establish the exact relationships between these species. What does become evident in these results is that of the four taxa examined, the protein profile of D. subbadia is the most different. Analysis of this data with the Penny program resulted in more than 28,000 phylogenetic trees, the most parsimonious of which (Fig. 1a) shows D. subbadia as the most distant species within the group. This tree also clustered D. griseolineata with D. ornatifrons, apparently resolving the problem of the relationships between these two species and D. maculifrons.
RAPD analysis resulted in 47 informative characters. Nevertheless, the results here obtained are incongruent with Table I . Some mean quantitative morphological characters of four Drosophila species of the guarani group as analyzed by VILELA & BÄCHLI (1990) . (VAL et al. 1981) . The data provided by PAGE-SDS show that the protein profile of the D. subbadia strain utilized in this study is the most different of the Drosophila species here analyzed. This result may be explained by the fact that the D. subbadia strain came from Mexico while the other strains are brazilian. So, local differences on selection pressure are the probable responsable for this incongruence.
Morphological Character
Frontal index Top to bottom width ratio
Another important point is that none of the analyses were able to divide the D. guarani group into two subgroups. While D. subbadia and D. ornatifrons seem to form a monophyletic clade, the other two species did not cluster in any of the three trees. Nevertheless, the PAGE-SDS and RAPD SJ indicate that D. maculifrons and D. griseolineata present a high degree of similarity. It seems that to establish the relationship between these two species it will be necessary to include more species in any further study. 
